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(54) FERROELECTRIC MEMORY 

(57)Abstract: 

PURPOSE: To stop the reducing reaction and the degeneration of the surface of an 
oxide ferroelectric body, and to prevent the peeling between the ferroelectric thin film 
and the upper and the lower electrodes in a MOS sintering process. 
CONSTITUTION: This ferroelectric memory is provided with a semiconductor substrate 
1, a dielectric thin film capacitor 9 formed by successively laminating a lower electrode 
10, an oxide ferroelectric thin film 1 1 and an upper electrode 12 on the substrate 1, 
and a protective film 12 which is mainly composed of a nitride thin film of an aluminum, 
silicon or titanium coating the surface of the capacitor 9. 
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l.This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] Ferroelectric random-access memory 
characterized by providing a protective coat which 
uses as main components aluminum and silicon 
which were prepared on a semiconductor 
substrate and this substrate and were covered by 
a ferroelectric thin film capacitor constituted by a 
lower electrode, an oxide ferroelectric thin film, 
and an up electrode carrying out a sequential 
laminating, and this capacitor front face, or a 
nitride thin film of titanium. 

[Claim 2] Ferroelectric random-access memory 
given in a claim to which said protective coat is 
characterized by oxide ferroelectric which 
constitutes a ferroelectric thin film capacitor, this 
presentation, or being what uses as main 
components an oxide thin film which shares a 
configuration element a part. 

[Claim 3] Ferroelectric random-access memory 
according to claim 1 to which said protective coat 
is characterized by being a partial crystal film or 
an amorphous film. 

[Claim 4] Ferroelectric random- access memory 
according to claim 1 characterized by preparing a 
protective coat and an undercoating layer of this 
presentation and this structure between said 
semiconductor substrate and a ferroelectric thin 
film capacitor. 

[Claim 5] Ferroelectric random- access memory 
according to claim 1 characterized by for the 
transistor elements separately prepared on said 
ferroelectric thin film capacitor and 
semiconductor substrate separating an interlayer 
insulation film by which the laminating was 
carried out to said protective coat and/or this 
protective coat, and connecting them to them 
electrically with a laminating wiring electrode of 
alumimium nitride and an aluminum -silicon alloy. 



[Claim 6] Ferroelectric random-access memory 
according to claim 1 characterized by for said 
oxide strong ferroelectric thin film consisting of a 
bismuth stratified perovskite mold compound 
which has a presentation expressed by the 
following general formula (l), and having a 
concentration gradient of the following element B 
in the direction of thickness, and an element B 
containing richly in an interface with an up 
electrode. 

(Bi 202) 2+(Am-l Bm 03m+l)2- - (l) 
However, be based on one or an arbitration ratio 
which consists of base chosen from from among 
A=Bi, and Pb, Ba, Sr, calcium, Na, K and Cd, and 
combine with it. Be based on one or an arbitration 
ratio which consists of base chosen from from 
among B=Ti, and Nb, Ta, W, Mo, Fe, Co and Cr, 
and combine with it. The natural number of 
m=l-5. 

[Claim 7] Ferroelectric random-access memory 
according to claim 1 characterized by for said 
bismuth stratified perovskite mold compound 
being SrBi2 2 (Tax Nb 1-x) 09 (x=0-1.0), and an 
element B being Ta or Nb. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention 
relates to the ferroelectric random-access memory 
using the remanence property of an oxide 
ferroelectric thin film about ferroelectric 
random-access memory. 
[0002] 

[Description of the Prior Art] Conventionally, the 
ferroelectric compound is applied to many fields 
using the unique electrical property. For example, 
it is applied in many fields [ the light modulation 
element which used an infrared sensor, a PAIRO 
vidicon, or the electro-optical effect for the 
piezo-electric filter using piezoelectric, or the 
ultrasonic transducer again using pyroelectricity, 
an optical shutter, etc. ]. The electron device 
which furthermore used the thin film of these 
materials is also devised, and examination of 
thin-film-izing is made energetically. . Especially 
the non-volatile memory device of ferroelectric 
thin film capacitor loading using the stability of a 
remanence is a field which attracts attention most 
against the background of the densification of the 
latest storage capacity, and high integration 



competition. 

[0003] As a representation material currently 
competed for which and studied according to such 
versatility, a series of lead content multiple oxide 
ferroelectrics, such as PZT (titanic-acid lead 
zirconate) and PLZT (titanic-acid zirconic acid 
lanthanum lead), are mentioned, and 
examination of utilization is continued by many 
researchers over many years. 

[0004] moreover, the outstanding fatigue-proof 
property which also exceed the several more or 
more figures thin film of a bismuth stratified 
perovskite mold oxide ferroelectric by the 
informational count of record elimination as other 
promising dielectric materials as compared with 
thin films which be the conventional main 
materials, such as PZT and PLZT, can be show, 
and it can apply to the non-volatile memory 
device which have high endurance ability, other 
electrons, and an optical device. 
[0005] The above-mentioned ferroelectric thin film 
can be formed by the physical 
forming-membranes methods, such as reaction 
vacuum deposition of the spatter metallurgy 
group using the ceramic target calcinated 
beforehand, the CVD method which carries out 
the gaseous-phase deposition of the organic metal 
compound, the sol gel process which forms 
membranes by applying the same compound 
solution, the MOD method, etc. 
[0006] Generally, a ferroelectric material has the 
hysteresis characteristic of a remanence and can 
memorize data as nonvolatile memory using this 
property. The ferroelectric random-access memory 
1 using such a ferroelectric material The 
switching element which consists of MOS 
transistors etc. as shown in drawing 1 , On the 
substrate 3 which consists of a silicon 
semiconductor, for example in which the 
circumference elements 2, such as amplification 
amplifier, were formed The ferroelectric thin film 
capacitor 7 which comes to carry out the 
laminating of the lower electrode 4 using 
platinum etc., the ferroelectric thin film 5, and 
the up electrode 6 one by one is formed, and the 
interlayer insulation film 8 which consists of 
silicon oxide with a spatter or a CVD method 
further is formed, and between elements is 
further connected with the wiring electrode 9, and 
it is constituted. 

[0007] The protective coat (not shown) for 
protecting the under-coating layer 10 and 
ferroelectric thin film capacitor for raising the 



substrate adhesion of the lower electrode 4 from 
various environmental variations in addition to 
the above basic structure etc. is prepared if 
needed. Here, as a protective coat of the 
conventional ferroelectric random-access memory, 
the following are proposed, for example. 

(1) It is Ti3 N4 to a ferroelectric PZT thin film and 
up inter-electrode one. It is direct Si3 N4 about 
PZT at the same time it prepares a layer. By 
covering with a layer, the oxygen desorption from 
PZT is prevented and a switching fatigue property 
is improved (JP,2-183569,A). 

(2) By carrying out the laminating of a 1st electric 
conduction film [ which consists of platinum or 
rose JIUMU ], titanium, titanium nitride, and 
titanium-tungsten alloy, and the 2nd electric 
conduction film which consists of molybdenum 
silicide, and considering as a capacitor up 
electrode, prevent alloying of an aluminum wiring 
electrode and the 1st conductive layer, and heat 
treatment in an after process is enabled 
(JP,2-90606,A). 

[0008] 

[Problem(s) to be Solved by the Invention] 
however, the ferroelectric random-access memory 
mentioned above -- the manufacture process " 
setting - a spatter and SUPION it passes 
through the comparatively hot heat treatment 
process which amounts to 600-900 degrees C 
indispensable to crystallization of the ferroelectric 
thin film formed by law, or many lattice defects 
are produced in the single crystal structure of a 
semiconductor silicon substrate by the plasma 
contamination by the processing processes by the 
high energy beam and reactant plasma etching, 
such as ion milling, and this degrades the MOS 
transistor property on a substrate. 
[0009] For this reason, it is H2 by performing 
350-450-degree C heat treatment (MOS sinter) 
into a hydrogen mixing nitrogen gas (foaming gas) 
ambient atmosphere in a final process for a 
property improvement. It is necessary to restore 
the MOS property which carried out termination 
of the defect of the dangling bond generated in 
single crystal silicon using reducibility, and 
deteriorated. 

[00 10] However, the platinum which is ******** i s 
used to hydrogen as an electrode material for 
ferroelectric thin films. According to therefore, a 
reduction operation of the hydrogen which carried 
out diffusion passage of the above-mentioned 
interlayer insulation film and the up electrode, 
and reached to the interface and the capacitor 



side of an up electrode and a ferroelectric thin 
film in the heat treatment process in a reducing 
atmosphere The oxide near the interface causes 
an oxidation reduction reaction, or decomposes, 
and originate in the chemical change in this 
interface, and adhesion with an up electrode falls 
or an up electrode is pushed up with oxygen, 
water, etc. which are a resultant. There was a 
problem which generates exfoliation in the 
interface of an up electrode and a ferroelectric 
thin film as a result. 

[0011] Moreover, it was thought that osmosis in 
the interior of a device of a reducing atmosphere 
occasionally attained to a lower electrode through 
the capacitor side, and when the aluminum Si 
wiring electrode with which comparatively big 
internal stress tends to remain was used, 
nonconformity the whole capacitor exfoliates from 
the semiconductor substrate itself might also be 
produced. A new cure has been needed when such 
a problem constitutes ferroelectric random-access 
memory combining a ferroelectric thin film 
capacitor and a silicon semiconductor device. 
[0012] This invention was made in consideration 
of such a situation, and aims at offering the 
structure where a ferroelectric thin film and 
vertical inter-electrode exfoliation can be 
prevented in the MOS sinter process under a 
reducing atmosphere in the ferroelectric 
random-access memory which consists of an oxide 
ferroelectric thin film capacitor and a silicon 
device. 
[0013] 

[Means for Solving the Problem] This invention is 
ferroelectric random-access memory characterized 
by providing a protective coat which uses as main 
components aluminum and silicon which were 
prepared on a semiconductor substrate and this 
substrate and were covered by a ferroelectric thin 
film capacitor constituted by a lower electrode, an 
oxide ferroelectric thin film, and an up electrode 
carrying out a sequential laminating, and this 
capacitor front face, or a nitride thin film of 
titanium. 

[0014] In this invention, aluminum which is the 
material of said protective coat, silicon, or a 
nitride thin film of titanium has comparatively 
high film density, hydrogen gas is not made to 
penetrate stably and easily also chemically as 
compared with an oxide, but, as for thickness, it is 
desirable to make it the range of 20nm - lOOnm. 
[0015] Said nitride thin film can be easily formed 
by the various well-known forming- membranes 



methods, for example, dc, or well-known rf spatter, 
ion beam deposition, CVD method, and 
occasionally using a sol gel process. 
[0016] in this invention, main components have 
pointed out an effect of preventing diffuse 
transmission of reducibility gas, and what is been 
the reinforcement layer prepared in order to 
improve adhesion with said nitride thin film and 
up electrode, or an interlayer insulation film as 
other components is said. Usually, as a 
reinforcement layer in a case of carrying out the 
laminating of a nitride thin film and other thin 
films, an oxide thin film of a share metal is 
suitable. Especially, the electrode exfoliation 
prevention effect of a nitride thin film is not 
spoiled by existence of an oxide reinforcement 
layer. 

[0017] In addition, among the above-mentioned 
nitrides, since a nitride of titanium and 
aluminum can maintain conductivity, it can cover 
the whole surface of a capacitor up electrode, and 
can raise a hydrogen shielding effect. Since it is 
insulation, it is necessary to dig a contact hole for 
joining a wiring electrode and an up electrode 
electrically in the case of silicon nitride, and to 
make it penetrate. Therefore, since a protective 
coat is removed, although an effect as a protective 
coat falls, since only a surface integral of a contact 
hole can carry out the direct coat of the capacitor 
side, a surroundings lump by the side can be 
prevented. Moreover, a capacitor is not protected 
by one kind of protective coat, but an up electrode 
side may be carried out with a nitride of 
aluminum or titanium, and the concomitant use 
coat of the side may be carried out with a silicon 
nitride. 

[0018] In this invention, it is also an effective 
means to cover an up electrode surface with a 
ferroelectric material which constitutes a 
ferroelectric thin film capacitor which is protected, 
and which is an object as protective coats other 
than the above-mentioned metal nitride thin film, 
this presentation, or an oxide ferroelectric thin 
film which shares a configuration element in part. 
Hydrogen which reached to a protective coat front 
face which consists of this oxide ferroelectric that 
carried out diffuse transmission of a wiring 
electrode and the interlayer insulation film, and 
was prepared on an up electrode is consumed by 
reduction reaction of an oxide ferroelectric, and 
does not reach to the interior over an up electrode. 
[0019] Therefore, most desirable one as a 
protective coat material in this case is equivalent 



also on the crystal structure also in presentation, 
and reactivity with hydrogen is also a thin film 
equal to a capacitor ferroelectric thin film. 
However, when several sorts of electrodes and a 
metal layer exist on both sides of this on structure 
of a memory device, trouble may be caused to the 
actuation of a device itself as a protective coat is 
not a mere dielectric but a ferroelectric. In such a 
case, it is desirable by making burning 
temperature at the time of protective coat 
membrane formation below into crystallization 
temperature of a ferroelectric an amorphous 
substance or to control a manifestation of a stop 
and a ferroelectricity for carrying out partial 
crystallization. 

[0020] thus, the presentation as an oxide 
ferroelectric which not necessarily constitutes a 
ferroelectric thin film capacitor with same thin 
film material in which an effect which inhibits 
internal diffusion beyond it by reacting with a 
reducibility gas oneself is shown - not but --**-- 
good - for example, a part ■■ a compound and a 
specific element which replaced an element were 
removed - the same object can be presented also 
with a compound. For example, SrBi2 Ta 209 
With a device which uses a thin film as a 
capacitor material, it is SrTa 206. SrBi2 Nb 209 
Effect also with a thin film sufficient as a 
protective coat is given. Also at this time, it is 
natural that they may be crystallization films, 
may be partial crystallization films, or may be 
amorphous films further as long as these 
protective coats have oxidized enough. 
[0021] Furthermore, the above-mentioned 
protective coat can give very same effect for a 
configuration which covers the whole substrate 
from on an interlayer insulation film which covers 
not only an outside surface of a ferroelectric 
capacitor up electrode but a capacitor group 
directly (as an under-coating layer of a wiring 
electrode). In addition, this protective coat and an 
under-coating layer of this presentation and this 
structure may be prepared in a silicon substrate 
surface, a capacitor lower electrode may be 
formed on it, and ferroelectric random-access 
memory may be constituted according to 
above-mentioned structure. This under-coating 
layer covers a reducibility gas around which it 
turns from the capacitor side, and shows an effect 
of preventing exfoliation from a lower electrode. 
[0022] Moreover, effect of a reduction gas to a 
ferroelectric thin film capacitor can be prevented 
also by covering the whole surface surface of 



ferroelectric random-access memory which even a 
wiring electrode constituted as a natural 
configuration using a protective coat of this 
invention, in this case, a protective coat - a 
multilayer - you may be * for example, a silicon 
oxide film - minding — also preparing -- a layer of 
still more nearly same silicon oxide may be 
prepared on the surface of a protective coat as a 
configuration of reverse, since the hydrogen 
permeation prevention effect by protective coat 
was too large to supply sufficient amount of 
hydrogen for property recovery to the MOS 
transistor section in this configuration, a 
protective coat on the MOS transistor section was 
removed - it can also constitute. 
[0023] Although structure of ferroelectric 
random-access memory containing a protective 
coat of above-mentioned electrode exfoliation 
prevention does not choose a class of ferroelectric 
material, when an oxide ferroelectric thin film 
consists of a bismuth stratified perovskite mold 
compound which has a presentation expressed by 
the following general formula (l), the remarkable 
exfoliation prevention effect can be acquired also 
by adjusting the presentation of a ferroelectric 
material itself, whether B site element in a 
formula (l) is in a metal condition or is in an 
oxide condition - the any - although ■■ it is the 
element used abundantly as a junctional zone 
between layers from which it excels in adhesion 
with silicon oxide or other metals, and an 
electrode metal, an under-coating layer, an 
thermal expansion coefficient, and a lattice 
constant differ. 

[0024] Here, membranes can be beforehand 
formed in B overelement at the time of membrane 
formation of a ferroelectric thin film, and the 
many can form an oxide particle of the element B 
which segregated in a thin film front face 
simultaneously by calcinating at an elevated 
temperature by the same ferroelectric phase and 
superfluous combination as a film of 
stoichiometric composition. Even if it forms a 
stoichiometric ratio presentation in a lower layer, 
it forms a multilayer of an element B superfluous 
presentation in the upper layer and surface 
segregation of the same element B calcinates this, 
it is realizable. 
[0025] 

(Bi 202) 2+(Am l Bm 03m+l)2- - (l) 
However, be based on one or an arbitration ratio 
which consists of base chosen from from among 
A=Bi, and Pb, Ba, Sr, calcium, Na, K and Cd, and 



combine with it. Be based on one or an arbitration 
ratio which consists of base chosen from from 
among B=Ti, and Nb, Ta, W, Mo, Fe, Co and Cr, 
and combine with it. 

[0026] The natural number of m=l-5. in this way, 
in a thin film capacitor which consisted of 
ferroelectric thin films which consist of a bismuth 
stratified perovskite mold compound which has a 
concentration gradient of Element B in the 
acquired direction of thickness, and Element B 
contains richly in an interface with an up 
electrode Although a part of crystal structures are 
returned, it is destroyed and some amount 
lowering of remanences and an increment in a 
coercive electric field are seen in foaming 
processing in a reducing atmosphere B element 
oxide which is a segregation component, or when 
[ its ] a reductant reinforces cementation to an 
electrode metal also including an alloying reaction 
in part, an effect of preventing exfoliation of an 
electrode is generated. Especially when a 
capacitor ferroelectric is the bismuth stratified 
perovskite mold compound expressed with SrBi2 
2 (Tax Nb l x) 09 (x=0\1.0) and Element B is Ta 
or Nb, ferroelectric random-access memory 
electrode bonding strength excelled [ ferroelectric 
random-access memory ] in an absolute value list 
of the amount of remanences can be constituted. 
[0027] 

[Function] According to this invention, the 
reduction reaction of an oxide ferroelectric front 
face and deterioration can be prevented preparing 
the protective coat which prevents internal 
diffusion osmosis of reducibility gas in a front face, 
the capacitor side, etc. of an up electrode of a 
ferroelectric thin film capacitor, or by [ of a 
ferroelectric material thin film ] blending a 
configuration element superfluously in part. 
Moreover, it can prevent that an up electrode and 
a lower electrode exfoliate from a ferroelectric 
thin film by foaming processing like before. 
[0028] 

[Example] Hereafter, the example of this 
invention is explained with reference to a drawing 
with the example of a comparison. 
(Example l) Drawing 1 is referred to. One in 
drawing is the silicon substrate by which the 
element isolation region 2 was formed in the front 
face. The source field 3 and the drain field 4 are 
formed in the element field of the substrate 1 
surrounded in said element isolation region 2, and 
the gate electrode 6 is further formed through the 
gate insulator layer 5 on these fields 3 and the 



substrate 1 between four. Here, said source drain 
fields 3 and 4 and the gate electrode 6 are 
generically called an MOS transistor. 
[0029] All over substrate 1 including said element 
isolation region 2, the BPSG (boron phosphorus 
dope silicon oxide) film 7 is formed. On the BPSG 
film 7 on said element isolation region 2, the 
ferroelectric thin film capacitor 9 is formed 
through the undercoating layer (glue line) 8 of 
20nm of thickness, such as titanium. This 
ferroelectric thin film capacitor 9 is formed from 
the up electrode 12 of 200nm of thickness which 
consists of a ferroelectric thin film 11 by which 
sequential formation was carried out, and Pt on 
the lower electrode 10 of 200nm of thickness 
which consists of Pt, and this lower electrode 10, 
and consists of protective coats 13 of 50nm of 
thickness on the up electrode 12. Said 
ferroelectric thin film 11 consists of a sol gel thin 
film ofPZT (40/60). 

[0030] The interlayer insulation film 14 is formed 
on said BPSG film 7 containing said ferroelectric 
thin film capacitor 9. Opening is formed in said 
interlayer insulation film 14 and the BPSG film 7 
corresponding to the source field 3 and a drain 
field of said MOS transistor, and the source 
drawing wiring 15 and the drain drawing wiring 

16 are formed in this opening. Moreover, opening 
is formed also in the up protective coat 13 of said 
ferroelectric thin film capacitor 9, and said 
interlayer insulation film 14 corresponding to the 
lower electrode 10, and the drawing wiring 17 for 
up electrodes and the drawing wiring 18 for lower 
electrodes are formed in these openings. Said 
drain drawing wiring 16 and the drawing wiring 

17 for up electrodes are connected electrically. 
Moreover, each above-mentioned drawing wiring 
consists of aluminum Si. 

[0031] The ferroelectric random-access memory of 
the configuration of drawing 1 is manufactured as 
follows. 

(l) First, with well-known technology, such as 
semiconductor ultra -fine processing technology, 
after forming the element isolation region 2 in the 
front face of a substrate 1, the MOS transistor 
which consists of the source field 3, a drain field 4, 
a gate electrode 6, etc. was formed in the element 
field surrounded in this element isolation region 2. 
It continued and the lower electrode 10 of 200nm 
of thickness was formed through the glue line 8 of 
20nm of thickness after ** in which the BPSG 
film 7 was formed all over the substrate, by dc 
spatter on said element isolation region 2. Next, 



adjustment, spin coat spreading of the sol gel PZT 
precursor solution which performed partial 
hydrolysis, desiccation, and temporary quenching 
were repeated to predetermined concentration 
and a presentation, the temporary-quenching thin 
film of request thickness was formed, baking 
processing was performed at the last in a 
temperature predetermined in the inside of an 
oxygen ambient atmosphere, and the 
ferroelectricity PZT thin film (ferroelectric thin 
film) 11 of 300nm of thickness was obtained. It 
pulled and continued and the spatter of the up 
electrode material of the lower electrode 10 and 
this thickness (200nm) was carried out on said 
ferroelectric thin film 11, after forming the 
protective coat 13 which consists of alumimium 
nitride (A1N) of 50nm of thickness by dc spatter 
on the up electrode 10 further, processing of each 
electrode and the ferroelectric thin film 11 was 
performed in ion milling, and the ferroelectric 
thin film capacitor 9 was formed. 
[0032] (2) Next, the spin coat of the spin-on glass 
was carried out to the whole surface, it calcinated 
by having dried according to the predetermined 
process, and the interlayer insulation film 14 of 
400nm of thickness was formed. It continued and 
the contact hole was formed in said interlayer 
insulation film 14 corresponding to the source 
field 3 of said MOS transistor, and the drain field 
4, the BPSG film 7 and the protective coat 13 of 
the ferroelectric thin film capacitor 9, and the 
interlayer insulation film 14 corresponding to the 
lower electrode 10, respectively. Furthermore, the 
wiring material film of 300nm of thickness which 
becomes the whole surface from aluminum-Si by 
the spatter was formed, patterning of this wiring 
material film was carried out using the 
well-known sentiment dirty method, the source 
drawing wiring 15, the drain drawing wiring 16, 
the drawing wiring 17 for up electrodes, and the 
drawing wiring 18 for lower electrodes formed in 
said each contact hole, and the ferroelectric 
random-access memory by which the MOS 
transistor was electrically connected with the 
ferroelectric thin film capacitor was manufactured. 
[0033] Thus, the ferroelectric random-access 
memory of an example 1 consists of MOS 
transistor 6 and the ferroelectric thin film 
capacitor 9 which were connected electrically. 
Said MOS transistor 6 consists of the source fields 
3, the drain fields 4, the gate electrodes 6, etc. 
which were formed in the element field. Said 
ferroelectric thin film capacitor 9 consists of the 



lower electrodes 10, the ferroelectricity PZT thin 
films (ferroelectric thin film) 11, and the up 
electrodes 12 which were formed through the glue 
line 8 on the BPSG film 7 on the element isolation 
region 2. However, since [ which was covered with 
the protective coat 13 which consists of A1N ] it is 
constituted, the upper surface of said capacitor 9, 
especially the upper surface of the up electrode 12 
can intercept internal transparency of reducibility 
gas, and can prevent the electrode exfoliation 
resulting from the reduction reaction of 
ferroelectric thin film 11 front face, and this. 
[0034] (Example 2) This example 2 is the 
completely same configuration except for the 
point using the protective coat which consists of 
titanium nitride (Ti3 N4) of 50nm of thickness 
compared with an example 1. According to the 
ferroelectric random-access memory concerning 
the example 2 using the protective coat which 
consists of titanium nitride, the same effect as an 
example 1 is acquired. 

[0035] (Example 3) Drawing 2 is referred to. 
However, drawing 1 and said division material 
attach a same sign, and explanation is omitted. 21 
in drawing is a protective coat of 50nm of 
thickness which becomes not only the upper 
surface of the ferroelectric thin film capacitor 9 
but the side from the silicon nitride (Si3 N4) by 
which coat formation was carried out. After this 
protective coat 21 forms the ferroelectric thin film 
capacitor 9, it is formed in the whole surface by 
forming silicon nitride by dc spatter. 
[0036] Since the protective coat 21 which consists 
of silicon nitride is formed not only in the upper 
surface of the ferroelectric thin film capacitor 9 
but in the side according to the above-mentioned 
example 3, the surroundings lump by the 
capacitor side of reducibility gas can be prevented. 
[0037] (Example 4) Drawing 3 is referred to. 
However, drawing 1 , and 3 and said division 
material attach a same sign, and explanation is 
omitted. It is the feature that this example 4 is 
the configuration which combined the protective 
coat 13 which consists of A1N formed only in the 
upper surface of the ferroelectric thin film 
capacitor 9, and the protective coat 21 which 
consists of silicon nitride which covers said a part 
of protective coat 13 and the side of the 
ferroelectric thin film capacitor 9. According to the 
above-mentioned example 4, the upper surface of 
the up electrode 12 of the ferroelectric thin film 
capacitor 9 can be covered with the combination of 
two kinds of protective coats 13 and 21, and a 



hydrogen shielding effect can be raised, and also 
the surroundings lump by the capacitor side of 
reducibility gas can be prevented. 
[0038] (Example 5) This example 5 of other 
configurations is completely the same except for 
the point made into the two-layer structure of the 
protective coat which consists of silicon oxide 
(Si02) of 50nm of thickness, and the protective 
coat which consists of silicon nitride (Si3 N4) of 
50nm of thickness on this protective coat 
compared with an example 3. 

[0039] (Example 6) Drawing 4 is referred to. 
However, drawing 1 and said division material 
attach a same sign, and explanation is omitted. It 
differs in that the protective coat 41 which 
consists of A1N was formed also on the interlayer 
insulation film 14 around a contact hole besides 
the protective coat 13 which this example 6 
becomes from A1N illustrated by drawing 1 
compared with an example 1. Since it not only 
covers a protective coat 13 on the upper surface of 
the up electrode 12 of the ferroelectric thin film 
capacitor 9, but the whole substrate is covered 
from on the interlayer insulation film 14 which 
covers a capacitor group directly according to the 
above-mentioned example 6, the hydrogen 
shielding effect to an up electrode can be raised, 
and also the surroundings lump by the capacitor 
side of reducibility gas can be prevented. 
[0040] (Example 7) Drawing 5 is referred to. 
However, drawing 1 and said division material 
attach a same sign, and omit explanation. This 
example 7 has completely same composition 
except for the point of having formed the 
protective coat 51 of 50nm of thickness which 
consists of A1N between the BPSG film 7 and a 
glue line 8, compared with the example 1. Here, 
said protective coat 51, a glue line 8, and the 
lower electrode 10 may be simultaneously formed 
by patterning with one mask, and may be formed 
at another process. 

[0041] (Example 8) It compares with an example 
3 and this example 8 is bismuth stratified 
perovskite mold compound SrBi2 Ta 209 as a 
ferroelectric thin film of a ferroelectric thin film 
capacitor. It is ferroelectricity SrBi2 Ta 209 of 
80nm of thickness as the point using an MOD 
thin film (250nm of thickness), and a protective 
coat. The points using a thin film differ. Here, 
said protective coat is SrBi2 Ta 209. One-layer 
spin coat spreading of the MOD precursor 
solution was carried out, desiccation and 
temporary quenching were performed, the 



temporary-quenching thin film was formed, and it 
obtained by subsequently performing baking 
processing in 800 degrees C in an oxygen ambient 
atmosphere. 

[0042] (Example 9) It compares with an example 
3 and this example 9 is bismuth stratified 
perovskite mold compound SrBi2 Ta 209 as a 
ferroelectric thin film of a ferroelectric thin film 
capacitor. The point using an MOD thin film 
(250nm of thickness) differs from the point using 
the amorphous film of the non-ferroelectricity 
oxide of 80nm of thickness as a protective coat. 
Here, said protective coat is SrBi2 Ta 209. 
One-layer spin coat spreading of the MOD 
precursor solution was carried out, desiccation 
and 400-degree-C temporary quenching were 
performed, and the temporary -quenching thin 
film was formed and pulled, and in 600 degrees C 
sufficiently lower than the crystallization 
temperature of the above-mentioned compound, 
baking processing was performed in the 
continuation oxygen ambient atmosphere, and it 
obtained by burning enough and fastening. 
[0043] (Example 10) It compares with an example 
3 and this example 10 is bismuth stratified 
perovskite mold compound SrBi2 Ta 209 as a 
ferroelectric thin film of a ferroelectric thin film 
capacitor. The point using an MOD thin film 
(250nm of thickness) differs from the point using 
the crystalline thin film of 80nm of thickness as a 
protective coat. Here, said crystalline thin film 
was obtained by carrying out one-layer spin coat 
spreading of the MOD precursor solution of 
ferroelectric SrBi2 Ta 209 of a thin film capacitor, 
and SrTa 206 (tantalic acid strontium) which 
consists of common elements in part, performing 
desiccation and 400-degree-C temporary 
quenching, forming and pulling a 
temporary-quenching thin film and performing 
baking processing in 800 degrees C in a 
continuation oxygen ambient atmosphere. 
[0044] (Example 11) It compares with an example 
3 and this example 11 is bismuth stratified 
perovskite mold compound SrBi2 Ta 209 as a 
ferroelectric thin film of a ferroelectric thin film 
capacitor. It is SrBi2 Nb 209 of the ferroelectric 
nature of 80nm of thickness as the point using an 
MOD thin film (250nm of thickness), and a 
protective coat. The points using a thin film differ. 
Here, said ferroelectric nature thin film is SrBi2 
Nb 209. It obtained by carrying out one -layer 
spin coat spreading of the MOD precursor 
solution which has a presentation, performing 



desiccation and ******, forming and pulling a 
temporary-quenching thin film and performing 
baking processing in 850 degrees C in a 
continuation oxygen ambient atmosphere. 1 
[0045] (Example 12) Drawing 6 is referred to. 
However, drawing 1 and drawing 5 , and said 
division material attach a same sign, and omit 
explanation. It compares with an example 1 and 
this example 12 is ferroelectric nature SrBi2 Ta 
209 of 80nm of thickness as a protective coat to 
the front face of the BPSG film 7. While using a 
thin film 61, it is ferroelectric nature SrBi2 Ta 
209 of lOOnm of thickness on the up electrode 12 
of a capacitor. Except for the point of having 
formed the thin film 62, it has completely same 
composition. Here, said thin film 61 is SrBi2 Ta 
209. It obtained by carrying out one layer spin 
coat spreading of the precursor solution, 
performing desiccation and ******, forming and 
pulling a temporary-quenching thin film and 
performing baking processing in 800 degrees C in 
a continuation oxygen ambient atmosphere. 
Moreover, it is SrBi2 Ta 209 like [ said thin film 
62 ] a thin film 61. It obtained by carrying out 
one-layer spin coat spreading of the precursor 
solution, performing desiccation and temporary 
quenching, forming and pulling a 
temporary-quenching thin film and performing 
baking processing in 800 degrees C in a 
continuation oxygen ambient atmosphere. 
[0046] (Example 13) This example 13 is 
overtantalum ferroelectricity SrBi2 Ta 209 
compared with an example 1 as the point of not 
preparing a protective coat in an up electrode, and 
a ferroelectric thin film. Except for the point using 
a thin film, structure is the same. Here, said thin 
film is obtained as follows. Namely, SrBi2 Ta 209 
after forming a lower electrode It obtained by 
adjusting a spreading solution, carrying out spin 
coat spreading so that a tantalum may become 
superfluous [ 20 mol % ] to a stoichiometric ratio 
about a precursor solution, repeating desiccation 
and temporary quenching, forming and pulling a 
temporary-quenching thin film, and performing 
baking processing in 800 degrees C in a 
continuation oxygen ambient atmosphere. Thus, 
when the crystal structure was analyzed for said 
obtained thin film by the X diffraction, ICP 
analysis, electron microscope observation, etc. and 
the thin film component analysis was performed, 
inside the thin film, the paraelectric phase which 
is mainly concerned with tantalum oxide to a 
ferroelectric phase was intermingled, and it was 



checked in the thin film front face that tantalum 
oxide is segregating mostly. 

[0047] (Example 14) As for this example 14, an 
example 13 differs only from a ferroelectric thin 
film. Here, this ferroelectric thin film is obtained 
as follows. Namely, SrBi2 Ta 209 after forming a 
lower electrode Spin coat spreading of the 
stoichiometric ratio solution of a precursor is 
carried out. Repeat the cycle of desiccation and 
temporary quenching twice, form a 
temporary-quenching thin film, and the 2nd 
precursor solution adjusted so that a tantalum 
might become superfluous [ 20 mol % ] to a 
stoichiometric ratio at the last layer is applied. It 
obtained desiccation and by carrying out 
temporary quenching, forming and pulling a 
temporary-quenching thin film, and performing 
baking processing in 800 degrees C in a 
continuation oxygen ambient atmosphere, thus, 
the place which analyzed the crystal structure for 
said obtained thin film by the X diffraction, ICP 
analysis, electron microscope observation, etc., 
and performed the thin film component analysis 
most thin films -- SrBi2 Ta 209 of a ferroelectric 
phase it is " the segregation of tantalum oxide 
was checked only on the thin film front face. 
(Example 1 of a comparison) Drawing 7 is 
referred to. However, drawing 1 and said division 
material attach a same sign, and omit 
explanation. The example 1 of a comparison has 
the completely same composition except for the 
point of having not prepared the protective coat, 
compared with drawing 1 . However, it is Pb(Zr0.4 
Ti0.6) 03 of 300nm of thickness as a ferroelectric. 
The thin film was used. 

[0048] (Example 2 of a comparison) The example 
2 of a comparison has the completely same 
composition except for the point of having not 
prepared the protective coat, compared with 
drawing 1 . However, it is SrBi2 Ta 209 of 300nm 
of thickness as a ferroelectric. The thin film was 
used. 

[0049] (Example 15) 20SrBi2 Ta9 thin film in 
which the thin film capacitor ferroelectric was 
formed on the example 2 (SrBi2 Ta2 09 finishing 
[ the ferroelectric random access memory using a 
thin film, and wiring electrode pattern 
formation ]) of a comparison forming 
membranes - subsequently - the inside of an 
oxygen ambient atmosphere " 600 degrees C -- 
setting -- baking processing ** carrying out - the 
amorphous nature of lOOnm of thickness, and 
SrBiof non*dielectric2 Ta 209 Surface coating was 



carried out with the thin film. Then, only the 
portion corresponding to the MOS transistor 
section carried out the opening of the MOS 
contact hole to which the wiring electrode was 
exposed to this protective coat, and the 
ferroelectric random -access memory of drawing 8 
was obtained. In addition, in drawing 8 , 81 shows 
a contact hole and 83 shows a protective coat. 
[0050] 425 degrees C and MOS sinter processing 
for 30 minutes were performed in the nitrogen gas 
(FO MIG gas) ambient atmosphere which 
contains 5% of hydrogen for the ferroelectric 
random-access , memory concerning the 
above-mentioned example and the examples 1 
and 2 of a comparison all over a diffusion furnace. 
Consequently, in the examples 1 and 2 of a 
comparison, almost all capacitors caused 
exfoliation in the ferroelectric thin film- up 
electrode interface. On the other hand, in all the 
examples, electrode exfoliation was not observed, 
but the strong dielectric-hysteresis property and 
MOS transistor property was also good, and 
ferroelectric random-access memory operated 
thoroughly. 

[0051] in addition, in each above-mentioned 
example, although an example of materials, such 
as a lower electrode, a ferroelectric tKin film, an 
up electrode, a protective coat, and drawing 
wiring, was described, it comes out not to mention 
not being limited to these materials. 
[0052] 

[Effect of the Invention] As explained in full detail 
above, the reduction reaction of an oxide 
ferroelectric front face and deterioration are 
prevented preparing the protective coat which 
prevents internal diffusion osmosis of reducibility 
gas according to this invention, or by [ of a 
ferroelectric material film ]. blending a 
configuration element superfluously in part, and a 
ferroelectric thin film and vertical inter-electrode 
exfoliation are prevented in an MOS sinter 
process like before, and the ferroelectric 
random-access memory with which practical use 
can be presented can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] The cross section of the ferroelectric 
random-access memory concerning the example 1 
of this invention. 

[Drawing 21 The cross section of the ferroelectric 



random-access memory concerning the example 3 
of this invention. 

[Drawing 31 The cross section of the ferroelectric 
random-access memory concerning the example 4 
of this invention. 

[Drawing 4] The cross section of the ferroelectric 
random-access memory concerning the example 6 
of this invention. 

[Drawing 5] The cross section of the ferroelectric 
random-access memory concerning the example 7 
of this invention. 

[Drawing 6] The cross section of the ferroelectric 
random-access memory concerning the example 
12 of this invention. 

[Drawing 7] The cross section of the ferroelectric 
random-access memory concerning the example 1 
of a comparison. 

[Drawing 8] The cross section of the ferroelectric 
random -access memory concerning the example 
15 of this invention. 
[Description of Notations] 

1 -- Silicon substrate, 2 -- Element isolation region, 
3 [ 5 -- Gate insulator layer, 6 / 8 / - Lower 
electrode, / 11 / 13, 21, 41, 51, 61, 82 - A 
protective coat,, 15-18 - Drawing wiring, / A 
ferroelectric thin film, 12 - Up electrode, / - A 
glue fine 9 - A ferroelectric thin film capacitor 10 / 
- A gate electrode, 7 - BPSG film, ] A source 
field, 4 -- Drain field 
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[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] A semiconductor substrate, 
A ferroelectric thin film capacitor which covers 
said semiconductor substrate formed on said 
semiconductor substrate which consists of an 
oxide ferroelectric layer prepared between two an 
electrode layer and this electrode layer, 
Ferroelectric random -access memory 

characterized by providing a protective coat which 
covers said ferroelectric thin film capacitor which 
prevents diffusion of hydrogen to said oxide 
ferroelectric layer. 

[Claim 2] Ferroelectric random-access memory 
according to claim 1 characterized by including 
the same oxide as an oxide which said oxide 



ferroelectric layer from which said protective coat 
constitutes said ferroelectric thin film capacitor 
contains. 

[Claim 3] Ferroelectric random-access memory 
according to claim 1 characterized by including an 
oxide containing the same element as an element 
which said oxide ferroelectric layer from which 
said protective coat constitutes said ferroelectric 
thin film capacitor contains. 

[Claim 4] Ferroelectric random-access memory 
according to claim 1 characterized by preparing a 
protective coat and an undercoating layer of this 
presentation and this structure between said 
semiconductor substrates and ferroelectric 
capacitors. 

[Claim 5] Ferroelectric random-access memory 
according to claim 1 characterized by for the 
transistor elements separately prepared on said 
ferroelectric thin film capacitor and 
semiconductor substrate separating an interlayer 
insulation film by which the laminating was 
carried out to said protective coat and/or this 
protective coat, and connecting them to them 
electrically with a laminating wiring electrode of 
alumimium nitride and an aluminum- silicon alloy. 
[Claim 6] Ferroelectric random-access memory 
according to claim 1 characterized by for said 
oxide ferroelectric thin film consisting of a 
bismuth stratified perovskite mold compound 
which has a presentation expressed by the 
following general formula (l), and having a 
concentration gradient of the following element B 
in the direction of thickness, and an element B 
containing richly in an interface with an up 
electrode. 

(Bi202)2+(Am- lBm03m+l)2- 

However, be based on one or an arbitration ratio 
which consists of base chosen from from among 
A=Bi, and Pb, Ba, Sr, calcium, Na, K and Cd, and 
combine with it. Be based on one or an arbitration 
ratio which consists of base chosen from from 
among B=Ti, and Nb, Ta, W, Mo, Fe, Co and Cr, 
and combine with it. The natural number of 
m=l-5. 

[Claim 7] Ferroelectric random- access memory 
according to claim 6 characterized by for said 
bismuth stratified perovskite compound being 
SrBi2(TaXNbl X)209 (x=0 1.0), and an element B 
being Ta or Nb. 

[Claim 8] Ferroelectric random-access memory 
according to claim 1 characterized by said 
protective coat using aluminum, silicon, or a 
nitride thin film of titanium as main components. 



[Claim 9] Ferroelectric random-access memory 
according to claim 2 to which said protective coat 
is characterized by being a partial crystal film. 
[Claim 10] Ferroelectric random-access memory 
according to claim 2 to which said protective coat 
is characterized by being an amorphous film. 
[Procedure amendment 2] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0013 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0013] 

[Means for Solving the Problem] This invention is 
ferroelectric random-access memory characterized 
by providing a ferroelectric thin film capacitor 
which consists of an oxide ferroelectric layer 
prepared between two electrode layers which are 
prepared on a semiconductor substrate and this 
substrate and cover the above-mentioned 
substrate, and this electrode layer, and a 
protective coat which prevents diffusion of 
hydrogen to an oxide ferroelectric layer which 
covers this ferroelectric thin film capacitor. 
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